In many developing countries, diarrhoea is one of the major precipitating factors of child morbidity and mortality. It also significantly contributes to the high prevalence of malnutrition in young children. Available information suggests that a major part of all diarrhoea episodes are associated with bacterial contamination of weaning foods. In vitro studies, however, have shown a strong inhibitory effect of lactic acid-fermented weaning gruels on the proliferation of diarrhoea-causing pathogens.
Introduction
Diarrhoea is one of the major factors that contribute significantly to high child morbidity and mortality in many developing countries [1] . Among the causative agents, the following bacteria have been reported: enterotoxigenic Escherichia coli (ETEC), Shigella, Salmonella, and Campylobacter [2] [3] [4] . Among the viruses, rotavirus seems to be the most common [5] .
Food contamination is one major route for the transmission of enteropathogens, especially under the hygienic conditions prevailing in a rural setting. Various studies have reported that the source of enteropathogens was either water or food [2, [5] [6] [7] [8] [9] [10] [11] . For most people in developing countries, the major source of food is cereals, and dairy products are limited to a very small segment of affluent groups. Presumably, the reports of food as the origin of diarrhoea refer to cereal-based diets, since all the cases cited came from developing countries.
Lactic acid fermentation, a traditional householdlevel technique, reportedly is effective in reducing or eliminating the growth of diarrhoea-causing pathogens. Possible antagonistic effects of lactic acid-producing bacteria on the pathogens that have been proposed include organic acid production, competition for nutrients, hydroperoxide formation, bacteriocins of protein nature, and antibiotic-like substances [12] . The potential control of intestinal pathogen growth by lactic acid bacteria has received great attention. Much of the reported work has concentrated on Lactobacillus acidaphilus [13] [14] [15] [16] [17] [18] , which is both preventive and therapeutic in controlling intestinal infections. Other studies have shown the potential health benefits of other species of lactic acid-producing bacteria [19] [20] [21] [22] [23] . Most of the studies evaluating the antagonistic effect of lactic acid producing bacteria on intestinal pathogens have been based on dairy products. Although information on the effect of these bacteria from cereal-based products on the control of diarrhoea in the community is very limited, a few in vitro studies have reported inhibited growth of ETEC and diarrhoea-causing pathogens of genera such as Campylobacter, Salmonella, Shigella, Staphylococcus, and Bacillus [24] [25] [26] [27] [28] .
The aim of this study was to assess whether or not the inhibitory effects of enteropathogenic bacterial growth exhibited under laboratory conditions are also reflected by lower frequency of diarrhoea among young children in a village setting who eat fermented gruels as part of their daily diet.
Methods

Villages
A baseline survey for the assessment of children who eat fermented gruels was carried out in two adjacent villages, Ilunda and Mudida, in the Iramba and Singida districts respectively, Singida region, Tanzania. The information collected from each family included the weight and age of the children, the types of food given to the children, including the use or not of fermented gruels, feeding frequency per day, and the source of water for domestic use. The general hygienic conditions were also observed.
The two villages are located about four kilometres apart. Ilunda is inhabited mainly by the Wanyiramba tribe, traditional users of fermented gruels (magai) on a daily basis, whereas in Mudida the inhabitants, of the Wanyaturu tribe, use no fermented gruels at all. The reasons for using or not using fermented gruels stem from tribal backgrounds and traditions. A majority of the Wanyaturus are Muslim, and they associate fermented (although non-alcoholic) gruel with the brewing of beer. Some consider it "old-fashioned" food. The Wanyiramba, on the other hand, have used magai throughout the history of their tribe. The majority are Christian, and they do not associate fermented gruel with alcoholic fermentation. All age groups use it as a thirst quencher throughout the year, as the area is generally semiarid.
Although their dietary habits differ, the two tribes live in villages located in a similar agro-ecological zone. They obtain water from similar sources, small streams and pools. The hygienic conditions of the villages are more or less similar. Both villages usually have a surplus of food, as the climate is favourable for growing maize and sorghum.
Children
A sample of 105 children under five years of age was randomly selected in each village with the assistance of village leaders called "ten-cell leaders" as they are responsible for a group of ten households in the immediate area. Each leader was asked to prepare a list of children under five years of age in his or her group, and every fourth child from the list was chosen (the range was 20-40 children for each group of ten households). In Ilunda, where lactic acid-fermented magai is used, 102 of the children completed the study; in Mudida, where non-fermented products are used, 99 children completed the study. (Three and six children respectively dropped out, mainly because their parents either moved to another village or travelled to distant relatives for more than two months and, on their return, they were not reincluded in the study.) The children in the two groups who completed the study had a similar age distribution pattern (table 1) . After the children were selected, the parents were convened in a meeting. It was explained that the aim of the study was to examine the children's growth over time in relation to their feeding frequency and food intake. Prevalent diseases afflicting the children from time to time were also to be recorded during the study period and related to their growth and health. Diarrhoea was not emphasized in order to avoid biased answers on the part of the parents during the study. Furthermore, the parents were advised to report to a nearby hospital (Iambi) or dispensary (Mudida) in case the children contracted a disease; no intervention measures were provided by the study team.
The study
The follow-up study began in January (rainy season) and concluded in September (dry season) 1990. The community health workers based in each of the two villages made house calls to the selected households during the second and fourth week of each month, accompanied by one of the authors once a month. The information collected during the baseline survey and the follow-up period included the name, age, and sex of the child: the presence of diarrhoea over the preceding two weeks, defined as watery, loose stools twice or more per day; the use or non-use of fermented foods; the presence of fever over the preceding two weeks; other diseases; the number of meals per day; and the weight of the child (end of the month). The children were weighed using Salter and bathroom scales. As a nutritional indicator, a standard deviation (SD) score of weight for age was calculated for each child [29] , using the following formula:
is the weight of the subject, W ref is the median weight for age of the reference population, and SD ref is the standard deviation of the reference value (above or below the median as appropriate).
Preparation of the gruel
Magai, a thin porridge or gruel of 10% flour from sorghum grain, is prepared from a mixture of non-germinated and germinated flours (4:1 or 2:1). The germinated flour is obtained by soaking the grain overnight, pouring off the water, and keeping the seeds to sprout in a container covered with wet cotton cloth. The sprouted seeds are spread on the ground to sun-dry and then pounded to a flour using a mortar and pestle. After the porridge is cooked and cooled, about 5% of germinated sorghum flour (total dry matter) is sprinkled over it and stirred in. The mixture is left to ferment overnight or 12 hours. The pH of the product is between 3.8 and 4.0.
The fermented product is used as a drink for one to two days. Children drink it as often as it is available; mother-reported frequency is no fewer than five times a day.
Statistical analysis
The results were evaluated using a multiple linear regression model [30] , with the number of diarrhoea cases as a dependent variable. The independent variables were diet (fermented/non-fermented), number of fever episodes, age in months, number of other diseases, and nutrition status (SD score). N diar = X + ß 1 diet + ß 2 fever + ,ß 3 age + ß 4 diseases + ß 5 SD score where N diar =number of diarrhoea episodes reported over the study period, X= constant, diet = use of fermented magai (-1) or not (+1), fever = number of fever episodes, age = age of the child in months, diseases = number of other diseases reported, SD score = nutrition status at the beginning of the study, expressed as a standard deviation value of weight for age.
The chi-square test was used to evaluate the relationship between two factors.
Results
Children from the two diet groups were matched for age. The weight distribution for each group, expressed as the SD score, is shown in figure 1 (see FIG. 1 . Distribution of children by weight for age, expressed as standard deviation (SD) score, in the non-fermented (white; N=99) and fermented (shaded; N=102) diet groups). The number of children with an SD score above -0.8 was slightly higher in the fermented diet group. The overall mean SD score value at the beginning of the study was -0.75 0.72 in the fermented diet group, not significantly different from the -0.95 +0.80 in the non-fermented group (p > .05). Using a multiple regression model, it was found, however, that nutrition status was not correlated to the frequency of diarrhoea (table 2). The results from the multiple regression analysis also indicated that the type of food (non-fermented or fermented), fever, and age were significantly associated with diarrhoea (p < .001), whereas the occurrence of other diseases was not. The average number of diarrhoea episodes reported was 2.1 in the fermented diet group, which was significantly lower than the 3.5 in the non-fermented diet group (p< .001) (see FIG. 2 . Number of diarrhoea episodes in children in the two diet groups over the ninemonth study period). About 16% of the children in the fermented diet group reported no diarrhoea episodes, whereas all the children in the non-fermented diet group reported diarrhoea once or more during the study period. Table 3 shows the number of diarrhoea episodes in the different age groups, using aggregated data for both groups. The frequency of diarrhoea declined steadily with increased age (see 
Discussion
These findings support the results from in vitro studies [25, 26, 28] that reported a strongly inhibited growth of diarrhoea-causing pathogens with the use of lactic acidfermented cereal-based foods. In Ghana, fermentation of cereal-based weaning foods reduced gram-negative bacterial contamination from 106 to 104 per gram of gruel compared with non-fermented foods [27] . There are no studies reported, however, on the role of such foods in controlling diarrhoea. In contrast, several studies have reported on the role of dairy products, especially milk products, for the control of diarrhoea [13] [14] [15] 18] . Similarly, pure strains of lactic acid-producing bacteria have been isolated from dairy products and used to treat diarrhoea [31, 32] . Other similar studies [10, 18, 33, 34] have reported on the successful use of lactic acid-producing bacteria as a treatment agent, although no change was seen in the duration of diarrhoea in young children treated with a mixture of Lactobacillus and Streptococcus [35] . The number of diarrhoea cases was higher during the rainy and maize-roasting seasons starting in February in both diet groups (see FIG. 4 . Prevalence of diarrhoea in the two diet groups during the two-week period preceding each follow-up visit). However, the fermented diet group had a lower percentage of reported cases than the non-fermented group (p<.001). The high peak during the rainy season could be explained by the fact that the water obtained from water pools and valleys during this time is contaminated by a surplus of unclean surface water. The peak in the maize-roasting season is probably due to roasted maize cobs being handled with unclean hands and being directly exposed to the ground.
The lower prevalence of diarrhoea in the fermented diet group may be explained by the frequent use of magai by these children. Even if the lactic acid-fermented gruel is contaminated with diarrhoea-causing pathogens, their further growth is likely to be inhibited [25] [26] [27] [28] and will not reach levels causing food-borne infections. The frequent use of magai probably also results in less frequent use of non-fermented gruels or snack foods, which are likely to transmit infectious doses of different enteropathogens.
Children under three years of age had more diarrhoea episodes during the study period than older children, with an average number of episodes of 2.1 and 3.5 in the two diet groups respectively. This finding is comparable with that reported by Chen [10] , who found diarrhoea frequency peaking between the ages of six months and about three years and who also reported an average of four episodes per year.
The number of fever episodes reported was highly correlated with diarrhoea (p<.001), each one contributing to a 20% increase in the average number of diarrhoea episodes in the regression model. Although the total number of fever episodes was higher in the nonfermented diet group, 358 versus 261, fever reported simultaneously with diarrhoea was about 35% in each group. The association of the two seems likely, as diarrhoea-causing pathogens may also cause fever. Figure 5 (see FIG. 5 . Prevalence of fever in the two diet groups during the two-week period preceding each follow-up visit) shows the prevalence of fever during the study period in both groups, and the pattern is similar to that of the diarrhoea prevalence.
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Conclusions
The prevalence of diarrhoea observed in this study in young children living under village conditions in Tanzania is comparable to that found in other studies in developing countries, which have reported about four episodes per year in preschool children. A group of young children living in one village in Tanzania who consumed lactic acid-fermented cereal gruels once or more a day had a 40% lower frequency of diarrhoea over a nine-month period than young children living in a nearby village not using fermented gruels.
Diarrhoea was season-dependent in both groups of children, with the highest prevalence during the rainy season and the lowest during the dry season.
It seems likely that fermented gruels do not transmit diarrhoea pathogens, and that a frequent use of this type of food means less frequent use of other food items that are more likely to transmit enteropathogens. It cannot be determined from this study whether the consumption of lactic acid-fermented foods has a therapeutic or prophylactic effect that could explain the lower frequency of diarrhoea in the children eating fermented gruels. It is therefore recommended that a controlled village study should be conducted to evaluate the mode of diarrhoea-lowering action of the frequent consumption of fermented gruels, as well as the aetiological agents of diarrhoea-causing pathogens in young children.
